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[0001] This invention relates to improved titanium niy 
tride barrier layers and to a process for making tf)em. 
More particularly, this invention relates to improved tita- 
nium nitride barrier layers that prevent spiking by over- 
lying c ontact layers. ~ / — 
[0002] Titanium nitride is a known^barrier material 
used to prevent spiking of metal cdntacts, such as .alu- 
minum , into a ^silicon substrate Jwh en aluminum is used 
as a contact material over ^silicon substrate, subse- 
quent heat treatment results in interdiffusion between 
the aluminum and the silicon, forming a conductive path 
between them that can sJhort_oyt devices. Titanium ni- 
tride is used as a barrie r between aluminum and silicon . 
[0003] The titanium nitrid e can be deposited in two 
modes; 1 ) the so-called poisoned mode, in which the 
titanium target is nilnde d and / uTaniu7rT7iitr ide7 is sput- 
tered from the target; or 2) the metallic mode, in which 
the target is maintained as metallic titanium, and the ti- 
tanium is sputtered from the target and reacts with ni- 
trogen on jhe substrate_ surfece, formingjijjtanium ni- 
. a tride film on the substrate.nhe ^sonmo d^ titanium 
nitride is not as dense as the meta llic mo de titaniumni- ( 
' tride, and thus requires additionaTTrealmept . jSplutteTecf 25 
tTfaTTiurr^trid^ forms a crystalline material, and spiking 
caTTstnT^ccur between the mdji^Toi the crystals. 
When oxygen is adsorbed onto TIN, it fills these inter- 
stices, which is known as "stuffing" the titanium nitride'. 
This stuffing has been done traditionally by using a fur- 
nace anneal, or a heat treatment in a rapid thermal an- 
neal (RTA) chamber in an oxygen -containing, atmos- 
phere. While this treatment reduces the spiking prob- 
lem, both a sputtering chamber and an RTA chamber 
must be provided, and a break in the vacuum after sput- 
tering the titanium nitride layers to perform the oxygen 
exposure and RTA steps is required prior to sputter dep- 
osition of the overlying aluminum contact. 
^tOO 04 ] The adhesion of titanium nitride to silicon has 
also been improved by sputter depositing a first thin lay- 
er of titanium alone in the contact opening. This titanium 
layer can react with a si ljcon substrat e to form titanium 
silicid e, reducing the resistance of the contact. 
[0005] A finahhin layer of titanium can also be depos- 
ited as a wetting layer over the titanium nitride to im- 
prove adhesion of the TiN layer to an overlying alumi- 
num contact layer. " ~ 
[0006] The deposition of these titanium-containing 
layers and the oxygen stuffing of the titanium nitride lay- 
er can all be carried out in a single sputtering chamber, so 
A titanium target and an inert gas, such as argor^ is used 
. to sputter deposit the first layer of titanium; nitrogen gas 
is added to the chamber and sputtering is continued to 
form a titanium nitride layer, frhe oxygen stuffing treat- 
ment can be performed in the same chamber by flowing 55 
a mixture of oxygen and an inert gas and applying DC 
pow er to the target after the titanium nitride deposition. 
[0007] Oxygen stuffing of the titanium layer of a TVTiN 
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stack'can be used as a bajrnerjayer when titanium ni- 
tride is sputter deposited irvtrTe metallic mode sputterino 
method/However, when the titanium nitride is deposited 
in the pQ\$Qnjnoge method, the results a re les s than 
satisfactory and soiking of an overlyin g aluminum layer 

still occurs. 

[0008] Thus the search for an improved process and 
improvedc^niacjshas contin ued. 

[0009] <^P-A-0247^^ relates to a process for the Y 
deposition of titanium/titanium nitride barrier layers prior ^ 
to aluminiurn contact deposition. EP-A-0747499 dis- 
closes oxygenating a sputt ered jjtanium laye r, but does 
not disclose oxygenating both the sputtered titanium 
layer and a sputtered titanium nitride layer. 
[0010] 



We have found that i mproved barrier layer s 
can be deposited in a single sputtering chamber by se- 
quentially sputter depositing a first titanium layer, oxidiz- 
ing this titanium layer, and sputter depositing a titanium 
nitride layer/The titanium nitride layer is a lso qxjdize d 
to further improve the barrier layer properties, and op- 
tionally an overlying titanium wetting layer can also be 
deposited over the TIN layer or layers, ail in the same 
chamber. _ 
[0011] The.oxidized titanium layer can be formed by 
post treatment of the titanium layer using an oxygen 
plasma; qrjpy sputtering a titanium target in the pres- 
ence of oxyge n or a mixture of g^gerTan gliitroger ^, or 
_both, to form a thin Ti0 2 or a "HON layer over the titanium 
layer/The deposited TiN layer is also oxidized after sput- 
ter deposition. Deposition of an aluminum layer thereo- 
ver completes the formation of an aluminum contact- 
Thus the spiking problem is addressed without exposing 
the substrate to air or removing from a vacuum environ- 
ment. 

[0012] Accordingly, the present invention provides A 
process for depositing a titaniumAitanium nitride barrier 
layer in a sput tering chamber f itted with a source of RF 
power connected to a substrate support, the process 
comprising: 
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a) sputter depositing a titanium layer onto the ex- usJf^ 
posed surface of a substrate; 

b) oxygenating"the titanium layer by treatment with \ 
an oxygen-containing plasma in the chamber; >■ / 

c) sputter depositing a titanium nitride layer over the lv£$JU^ 
titanium-oxygen-containing layer; and ,^^2/ 

/ d) oxygenating \he titanium nitride layer by treat- 
/ ment with an oxygen-containing plasma in the 
Vchamber. 



[0013] Fig. 1; is a cross sectional view of a sputtering 
chamber in which the present process can be carried 
out. 

[0014] Fig. 2 is a photomicrograph of contacts made 
in accordance with one embodiment of the present proc- 
ess. 

[0015] Fig. 3 is a photomicrograph of contacts made 
in accordance with a prior art process. 
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[0016] Fig. 4 is a photomicrograph of contacts made 
in accordance with another prior art process. 
[0017] Fig. 5 is a photomicrograph of contacts made 
in accordance with still another prior art process. 
[0018] Fig. 6 is an SEM photomicrograph of a heat s 
treated aluminum contact of the present invention. 
[0019] Fig. 7 is an SEM photomicrograph of a heat 
treated aluminum contact of the prior art. 
[0020] Fig. 8 is an SEM photomicrograph of another 
embodiment of a heat treated aluminum contact of the 10 
prior art. 

[0021] Fig. 9 is a cross sectional schematic view of a 
multichamber vacuum system for carrying out sequen- 
tial processing steps without breaking vacuum. 
[0022] Fig. 10 is a cross sectbnal schematic view of is 
a system for making stuffed titanium nitride barrier lay- 
ers. 

[0023] In accordance with the process of the inven- 
tion, a first titanium layer is sputter deposited in argon 
onto a substrate having openings therein for the deposit 20 
of aluminum contacts.fA sputtering chamber fitted with, 
a DC power source connected to a titanium target is 
used. This titajnjuriL^^ depos ited at a high 

DC po wer of 10,000-12,000 w atts with a negative po- 
tential applied to the target, and the chamber wall 25 
grounded, so that formation of a plasma from argon or 
other gas is formed in the chamber. In accordance with 
the invention, titanium is deposited at a deposition rate 
of about 100,0A/min| Oxygenated 71 can be formed in. 
s evera Pways. In accordance with one embodiment of 30 
the invention, a source of RF power (generally 13.56 
MHz) is connected to the substrate support, anjj. ^after 
d epos ition of the Ti layer, an oxygen-containing gas, 
such as mixtures of oxygen and argo n that can also_con-. 
tajnjiitTOCjen, is flowed into the chamber and the ,gF 
power is t urned o n to create a plasma of the plasma pre- 
cu rsor gas es in the sputtering chamber. UsingT^F'power 
of 100-200 watts, the typical DC b ias developed on the 

^substrate support is about - 100V to -200V. 
[0024] In another embodiment, after sputter deposi- 40 
tion of the Ti Layer, an oxygen-containing gas, such as 
mixtures of oxygen jand argon that can also contain ni- 
trogen, is flowed into the chamber and both the DC and 

^ the RF power sources are turned on to create a plasma 
of the gases in the sputtering chamber. The generated 45 
oxygen plasma will form a layer of TiO x 
nitrogen is added. 
[0025] In a third embodiment,, in addition to the RF 
power applied, a lo w DC pow er of about 500 watts is 
also applied to the target. The titanium is sputtered in so 
the presence of an oxygen jlasm a at a low deposition 
rate. This also forms a thjn_ (about 20A thick) titaniu m 
oxide or titanium oxynitride layer over the first titaTiium 

Jayer. 

[0026] In still another embodiment, the third embodi- ss 
ment is followed except that no RF power is applied. 
This process also forms a thin layer of titanium oxide or. 
titanium oxynitride over the first titanium layer. 
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[0027] Thus the plasma deposition process is control- 
led by adjusting the DC and RF power supplies, and by 
adjusting the gas flows and gas flow rates. 
[0028] ^ Qxygen "1oPrs>>and atoms generated in the plas~ 
ma are more reactive than oxygen molecules, and they 
diffuse or penetrate into the grain boundaries of the de- 
posited titanium on the substrate more rapid ly than ox- 
ygen molecules. By adjusting the gas flows and gas flow 
rates, and by adjusting both the DC and RF power sup- 
plies, a desired oxygenated layer of titanium is formed 
on the substrate over the titanium layer. 
[0029] The oxygen plasma is discontinued when IFP 
oxide layer up to about 20A in thickness is formed. This 
thin oxide layer d oes not adversely affect th e resistanc e 
of the titanium nitr ide layer or the resistance of the alu- 
minum contact but does improve the robustness of the 
barrier layer. 

[0030] The process is continued by shuttiaojofU^ 
powej: and continuing to deposit titanium nitride using 
DC bias to the target by sputtering titanium in the pres- 
ence of nitrogen, generally nitjoge^nd^rgon, in. known 
manner. ~ 
[0031] Oxygen is passed again into the chamber ancT" 
both the DC and the RF power to the substrate support 
are turned on to form an oxygen plasma that oxygenates 
or stuffs the titanium nitride layer. The oxygen plasma 
is maintained for about 30-60 seconds. It is important in 
the present process that the oxygen is added only after 
the titanium nitride layer is deposited. 
[0032] By using a double oxygen deposition, one aT~ 
the interface between titanium and titanium nitride when 
the first titanium layer is deposited, and the other at the 
end of the titanium nitride deposition, spiking does not 
occur even whenan ahjmi num c ontact layer is heated 
up to abou^550°^or/^e^u^ 
^«7t<>033] Afin alTiwj 



ing layer can be sputter deposited 
over the oxygenated TiN layer, if desired. 
[0034] The present process can be carried out in a 
single sputtering chamber as shown in Fig. 1 . A conven- 
tional sputtering chamber 10 is modified to add an RF 
power source 18 to the substrate support 14. In addition 
a collimator 17 can optionally be mounted in the cham- 
ber between the target 1 2 and the substrate support 1 4. 
A suitable collimator 17 contains a plurality of small 
openings having an aspect ratio of about 1:1. This per- 
mits deposition into contact openings having a high as- 
pect ratio. Sputtered particles above the collimator will 
not pass through these openings unless they travel in a 
path that passes through the openings in the collimator, 
i.e., perpendicular to the substrate 22. Thus the sput- 
tered particles that reach the substrate 22 can fill small 
diameter openings having an aspect ratio of up to about 
2:1 without the formation of voids. Since the oxygen- 
containing layers are thin, the effect of oxygenation on 
TiN film properties, such as reflectance, stress and crys- 

tallinity, are minimal. 

[0035] Referring still to Fig. 1, a sputtering chamber 
1 0 includes a titanium target 1 2 connected to a DC pow- 
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er source 13 : and a substrate support 14. A collimator 
17 is mounted between the jarget 12 and the substrate 
support 14. A source of RF power l"8)is connected to 
the substrate support 1 4 to form a plasma region 20 be- 
tween the collimator 17 and the substrate support 14. A s 
gas inlet manifold 16 permits various gases to be con- 
trollably passed into the chamber. If desired, a s econd 
gas inlet can be employed for the oxygen gas to prevent 
c ontamina tion of the other gases, e.g., argon and nitro- 
_gerj- io 
[0036] To carry out the present deposition process, a 
substrate is provided having a plurality of exposed open- 
ings in which aluminum contacts are to be formed. After 
mounting the substrate 22 onto the substrate support 
1 4, a flow of argon is started in the chamber, whereupon is 
titanium is sputtered onto the substrate 22. The DC pow- 
er is adjusted and the RF power is initiated to the sub- 
strate support 1 4 and oxygen is flowed into the chamber, 
whereupon an oxygen plasma is created in a plasma 
region 20 above the surface of the substrate 22 and be- 20 
low the collimator 17. The flow of oxygen is stopped, 
and a flow of argon and nitrogen is begun. Titanium is 
then sputtered in the presence of nitrogen so that a layer 
of titanium nitride is deposited over the oxygen -contain- 
ing titanium layer. 25 
i ^7^10037] Oxygen is passed again into the chamber and 
both the DC and the RF power to the substrate support 
are turned on to form an oxygen plasma that oxygenates 
or stuffs the titanium nitride laye r. The oxygen plasma 
is maintained for about 30-60 seconds. It is. important in 30 
the present process that the oxygen is added only after 
the first titanium layer is deposited and oxygenated, and 
^after the titanium nitride layer is deposited. . 
Sit [0038] By using a double oxygen deposition, one at 

the interface between titanium and titanium nitride when zs 
the first titanium layer is deposited, and the other at the 
end of the titanium nitride deposition, spiking does not 
occur even when an aluminum contact layer is heated 
__upJo about jfegO^Cjor one hour/ 
[0039] Aluminum is deposited thereover, generally in 40 
a segarate ^sputtering chamber, to fill the contact open- 
ings TntnTsu^sTrate22. If the aluminum is deposited in 
the same chamber, the titanium target 12 must be re- 
pla ced by a n aluminum target. However, this method is 
less preferred since the v acuum in the sputtering cham- 45 
ber mustbe broke n to replace the target. Preferably, the 
titanium/titanium nitride coated substrate is transferred 
to asecond sputtering chamber to sputter the aluminum. 
[0040] The titanium preferabl y deposited from a ni- 
trided titanium target Jfhe thickness of the sputter-de- so 

I posited layer of ptanjumf of step a) is preferably from 20 
t o 50 nm (200 to 50o"X). The thickness of the sputter- 
deposited layer of titanium nitride of step c) is about 100 
nm(1000A): * 
""[0041] The invention will be further described in the ss 
following example, but the invention is not meant to be 
limited to the details described therein. . • 

t; " _ 1 c M A 
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[0042] / A barrier/contact stack was made by deposit- 
ing Ti, oxygenating the Ti with an oxygen plasma, de- 
positing TiN, oxygenating the TiN, depositing a Ti wet- 
ting layer and alumin um. 

[0043] In order to test the contacts, the substrate was" 
heated at 550°C for one hour. The aluminum metal was 
then stripped off. Any aluminum spiking appears as a 
shaped feature, particularly one that extends into the 
substrate^ 

[0044] <^igT2J^ a photomicrograph of the deposited - 
stack formed in accordance with the invention after a 
spike test was conducted. Fig. 2 shows that every open- 
ing in the substrate is completely filled and that no spik - 
ing^occurred in any of the eight contacts shown. 

Control 1 

[0045] As a first control, a contact comprising a first 
titanium layer was sputter deposited on a substrate, an 
overlying titanium nitride layer was formed as above, a 
third titanium layer was sputter deposited over the tita- 
nium nitride layer and a final aluminum layer was de- 
posited. No oxygen was present in the chamber during 
these depositionsC^Rgrg^shows that all of the contacts 
had spiked through to the substrate. 

Control 2 

[0046] In a second control, a layer of titanium was de- 
posited followed by deposition of a titanium nitride layer. 
This titanium nitride layer was exposed to an oxygen 
plasma after about halt of the layer was deposited. A 
final barrier layer of a thin titanium layer was deposited, 
followed by deposition of an aluminum layer <^g^4} 
shows that spiking occurred in most of the contacts. 

Control 3 

[0047] In a third control, a titaniumAitanium nitride de- 
posited biteve r was exposed to oxygen plasma after all 
of the titanium nitride layer was deposited, followed by 
deposjjkap-oithe final titanium layer and an aluminum 
layerQFig^^r shows that aluminum spikin g occurred 
through the titanium/titanium nitride/titanium barrier lay- 
ers. 

Example 2 

[0048] Using a sputtering chamber as in Fig. 1 , a layer 
of titanium about 200 : 400A thick was deposited on a 
patterned substrate using a DC power of over 10 kilo- 
watts. 

[0049] An oxygen flow of about 50-100 seem was 
started and a plasma formed in the chamber by turning 
on the DC power and the RF power supply of 100-200 
watts. The oxygen treatment was continued for 30 sec- 
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onds. 

[0050] The oxygen flow was then turned oft and a 
combined nitrogen and argon flow passed into the 
chamber. The DC power supply was turned on and from 
500-1000A of TiN was deposited on the substrate. The 
power was turned off, a flow of oxygen was started 
again, and both power supplies turned on again to form 
an oxygen plasma. Treatment of the TiN layer was also 
continued for 30 seconds. 

[0051] A final titanium layer about 400-500A thick was 
then deposited in the same chamber. 
[0052] The substrate was transferred to an aluminum 
sputtering chamber and about 8000-8500A of aluminum 
was deposited using the cold/hot process to fill the con- 
tact openings. 

[0053] After performing the spike test as in Example 
1 , no spiking was observed. A series of heat tre ated al u- 
minum contacts made as above are shown (nFicpS. 



Control 4 



[0054] The procedure of Example 2 was repeated ex- 
cept that no oxygen plasma treatment of the first titani- 
um layer was carried out. Spiking was seen for samples 
annealed at 550°C for one hour as shown in^gT7> 

Control 5 

[0055] The procedure of Example 2 was repeated ex- 
cept that an oxygen plasma treatment of the first titani- 
um, layer was carried out but oxygen plasma treatment 
of the TiN layer was omitted. Spiking was seen for sam- 
ples annealed at 550°C for one hour as shown in 4^jg. &) 
[U056] It is believed the oxygen plasma treatment of 
a titanium layer, followed by deposition of titanium using 
nitrogen gas, forms an oxygenated titanium layer that 
can be titanium oxide, or a TiON layer, or a combination 
thereof. We belieye it is the oxygenated titanium layer 
formed during oxygen plasma treatment that provides 
i mprove d barrier properties. The amount of oxygen 
present at the Ti/TiN interface must be sufficient to pro : 
vide good barrier properties, b\A not enough to reduce 
the contact resistance of the contacts. /Th e amount of 
oxygen can be controlled by adding some oxygen, or 
oxygen and nitrogen, during the sputter deposition of ti- 
tanium, and by adding more or less argon during the 
oxygen plasma treatment to dilute the oxygen. ^ome ni- 
trogen can also be introduced during the oxygen plasma 
treatment step to further control the amount of titanium 
oxide at the Ti/TiN interface If the titanium oxide layer 
is deposited to a thickness of no more than about 2 nm 
(20A), the sheet resistance of an overlying titanium ni- 
tride layer, and the contact resistance, will not be re- 
duced below a desired level. 
"10057] It is preferred that the deposition of both titani- 
um layers and titanium nitride layers as well as the plas- 
ma oxidation steps be carried out in a single deposition 
chamber for improved throughput. However, if conven- 
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ient, these steps can be carried out i n separate cham- 
bejs. The total process can be carried out in a multi- 
chamber system as described in-US Patent 4,951,601 
to Maydan et al as shown i^~Fig. 9^his patent is incdr- 

5 porated herein by reference. 

[0058] Further, applicants have shown that improved 
barrier properties for a Ti/TiN stack are obtained when 
both layers are treated with an oxygen plasma at the 

end of each deposition. 

io [0059] A computer can be connected to the sputtering 
chamber as above and can be programmed so as to 
control the above processes automatically, including ad- 
justing the power supplies, starting and stopping the var- 
ious gas flows and adjusting the gas flow rates, trans- 
it ferring the substrate into and out of the sputtering cham- 
ber and the like. This programmed controller and gas 
sources are connected to the sputtering chamber as 
shown in Fig. 10. Fig. 10, in addition to the same parts 
as shown in Fig. .1, further inctifdes one or more gas 
20 sources 24, 26, and a programmed computer 28. 



Claims 

1. A process for depositing a titanium/titanium nitride 
barrier layer in a sputtering chamber fitted with a 
source of RF power connected to a substrate sup- 
port, the process comprising. 

a) sputter depositing a titanium layer onto the 
exposed surface of a substrate; 

b) oxygenating the titanium layer by treatment 
with an oxygen-containing plasma in the cham T 
ber; 

c) sputter depositing a titanium nitride layer 
over the titanium-oxygen-containing layer; and 

d) oxygenating the titanium nitride layer by 
treatment with an oxygen-containing plasma in 
the chamber. 

2. A process according to claim 1, wherein the oxy- 
gen-containing plasma of step b) is formed from a 
mixture of oxygen and argon. 



^5 3. A process according to claim 1 or claim 2, wherein 
the oxygen-containing plasma of step d) is formed 
from a mixture of oxygen, argon and nitrogen. 



4. A process according to any one of the preceding 
claims, wherein titanium is de posited from a nitrided 
titanium target. 



5. A process according to any one of the preceding 
claims, wherein a wetting layer of titanium is depos- 

£5 ited over the titanium nitride layer after the oxygen 

plasma treatment of the titanium nitride layer. 

6. A process according to any one of the preceding 
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claims, wherein the substrate has a plurality ot 
openings therein. 

A process according 1o claim 6, wherein a layer of 
aluminium is sputter-deposited over the oxygenat- 
ed titanium nitride to fill said openings. 

A process according to any one of the preceding 
claims, wherein the thickness of the sputter-depos- 
ited layer of titanium of step a) is from /?0Jo 50nrx& 
(200 to 500 A). ■ "~ ' 
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A process according to any one of the preceding 
claims, wherein the thickness of the sputter-depos- 
ited layer of titanium nitride of step c) is about fjXT^ 75 
nm (1000 A). 



10. A process according to any one of the preceding 
claims, wherein steps a) to d) are carried out in a 
sin^esputtehng chamber fitted with a source of RF 
power connected to the substrate support. 



3 atentanspruche 

1. Verfahren zur Abscheidung einer Titan/Titannitrid- 
Sperrschicht in einer Zerstauberkammer, die mit ei- 
ner HF-Energiequelle ausgestattet ist, welche mit 
einem Substrattrager verbunden ist, wobei das Ver- 
fahren 

a) die Zerstaubungsabscheidung einer Titan- 
schicht auf die freiliegende Oberflache eines 
Substrats, 

b) die Oxidation der Titanschicht durch Be- 
handlung mit einem sauerstoffhaltigen Plasma 
in der Kammer, 

c) die Zerstaubungsabscheidung einer Titanni- 
tridschicht auf die Titan und Sauerstoff enthal- 
tende Schicht und 

d) die Oxidation . der Titannitridschicht durch 
Behandlung mit einem sauerstoffhaltigen Plas- 
ma in der Kammer 

umfasst. 

2. Verfahren nach Anspruch 1 , bei dem das Sauerstoff 
enthaltende Plasma von Stufe b) aus einem Ge- 
misch aus Sauerstoff und Argon gebildet wifd. 

3. Verfahren nach Anspruch 1 oder 2, bei dem das 
Sauerstoff enthaltende Plasma von Stufe d) aus ei- 
nem Gemisch aus Sauerstoff, Argon und Stickstoff 
gebildet wird. 

4. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei das Titan aus einem nitrierten Titantar- 
get abgeschieden wird. 
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5. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei eine Benetzungsschicht aus Titan auf 
die Titannitridschicht nach der Sauerstoffplasma- 

- behandlung der Titannitridschicht abgeschieden 
wird. 

6. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei das Substrat eine Vielzahl von Bohrun- 
gen aufweist. 

7. Verfahren nach Anspruch 6, bei dem eine Schicht 
aus Aluminium zur Fullung der Bohrungen auf das 
ox id ierte Titannitrid durch Zerstaubung abgeschie- 
den wird. 

8. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die Dicke der durch Zerstaubung abge- 
schtedenen Schicht aus Titan von Stufe a) 20 bis 
50 nm (200 bis 500 A) betragt. 

9. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die Dicke der durch Zerstaubung abge- 
schiedehen Schicht aus Titannitrid von Stufe c) ca. 
100 nnrf (1000 A) betragt 

1 0. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei die Stufen a) bis d) in einer einzigen Zer- 
stauberkammer, die mit einer HF-Energiequelle 
ausgestattet ist, welche mit dem Substrattrager ver- 
bunden ist, durchgef uhrt werden. 
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Revendications 

1. Procede pour deposer une couche d'arret consti- 
tute de titane/nitrure de titane dans une chambre 
de pulverisation, cathodique equipee d'une source 
de puissance RF connectee a un support de subs- 
trat, procede comprenant les etapes consistant : 

a) a deposer par pulverisation cathodique une 
couche de titane sur la surface exposee d'un 
substrat ; 

b) a oxygener la couche de titane par traitement 
avec un plasma contenant de I'oxygene dans 
la chambre ; 

c) a deposer par pulverisation cathodique une 
couche de nitrure de titane sur la couche de ti- 
tane contenant de I'oxygene ; et , 

d) a oxygener la couche de nitrure de titane par 
traitement avec un plasma contenant de I'oxy- 
gene dans la chambre. 

2. Procede suivant la revendicafion 1, dans lequel le 
plasma contenant de I'oxygene de I'etape b) est for- 
me a partir d'un melange d'oxygene et d'argon. 

3. Procede suivant la revendication 1 ou la revendica- 
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tion 2, dans lequel le plasma contenant de I'oxyge- 
ne de I'etape d) est forme a partir d'un melange 
d'oxygene, d'argon et d'azote. 

4. Procede suivant Tune quelconque des revendica- s 
tlons precedentes, dans lequel le titane est depose 
a partir d'une cible de titane nitrure. 

5. Procede suivant Tune quelconque des revendica- 
tions precedentes, dans lequel une couche de 
mouillage de titane est deposee sur la couche de 
nitrure de titane apres le traitement de la couche de 
nitrure de tjtane avec un plasma contenant de I'oxy- 
gene. 

6. Procede suivant Tune quelconque des revendica- 
. tions precedentes, dans lequel le substrat comporte 

une pluralite d'orifices. 

7. Procede suivant la revendication 6, dans lequel une 20 
couche d'aluminium est deposee par pulverisation 
cathodique sur le nitrure de titane oxygene pour 
combler.les orifices. 

8. Procede suivant Tune quelconque des revendica- 25 
tions precedentes, dans lequel I'epaisseur de la 
couche de titane, deposee par pulverisation catho- 
dique, de I'etape a) est comprise dans rintervalle de 

20 a 50 nm (200 a 500A). 

30 

9. Procede suivant Tune quelconque des revendica- 
tions precedentes, dans lequel I'epaisseur de la 
couche de nitrure de titane, deposee par pulverisa- 
tion cathodique, de I'etape c) est egale a environ 
100 nm (1000 A)! 35 

10. Procede suivant Tune quelconque des revendica- 
tions precedentes, dans lequel les etapes a) a d) 
sont mises en oeuvre dans une seule chambre de 
pulverisation cathodique equipee d'une source de 40 
puissance RF connectee au support de substrat. 
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